Previously, a small study showed that 14f was the predominant subtype of Treponema pallidum in Shanghai, China. The result was quite different from the genotype distribution in other areas of China. This study aimed to identify the strain types of Treponema pallidum in samples collected over a 5-year period in Shanghai. From 2007 to 2011, genital swabs were collected from patients with syphilis from the Shanghai Skin Disease Hospital. Positive specimens were typed by the enhanced typing method by adding a tp0548 gene to the existing arp and tpr genotype system. In total, 304 of the 372 enrolled patients yielded fully typeable DNA. Ten arp types (4, 6, 8, 9, 11, 12, 13, 14, 15, and 19), 3 tpr types (a, d, and o), and 5 tp0548 types (a, c, f, g, and i) were identified. In total, 12 subtypes were identified with a combination of the arp and tpr genes. Subtype 14d was found in 270 samples (88.8%). When the combination included the tp0548 gene, the 12 CDC subtypes identified were divided into 14 strain types. The predominant type was 14d/f (88.8%), followed by 15d/f (3.6%), 13d/f (1.3%), and 19d/c (1.3%). Two of the 44 14d/f-infected patients and both of the 19d/c-infected patients who underwent a lumbar puncture were diagnosed with neurosyphilis. This study showed that the predominant type in Shanghai was 14d/f. While this is in keeping with data from other areas in China, it is different from an earlier report showing that 14f is the most common genotype in Shanghai. Further studies are needed to better understand the association between strain types and neurosyphilis.
C
hina has witnessed a resurgence of syphilis in recent years. The number of reported syphilis cases increased more than 50-fold within 12 years, from 1993 to 2005 (2) . The national incidence rates in 2011 and 2010 were 32.04 and 28.86 cases per 100,000 population, respectively, with 429,677 and 358,534 cases reported, causing 92 and 69 deaths, respectively (from China national surveillance data) (3) . Shanghai is the largest city and economic center of China, where the migrating population (nonresident) constitutes over one-third of the total population. In 2010, Shanghai had an incidence rate of 76.42 cases per 100,000 population for all stages of syphilis, with the total reported cases in Shanghai being comparable to those for the entire European Union.
The ability to differentiate between genotypes of Treponema pallidum could allow monitoring of changes in the prevalence and geographical distribution of strains over time. In 1998, Pillay et al. published a molecular subtyping scheme for T. pallidum based on characterization of the acidic repeat protein gene (arp) and restriction fragment length pattern (RFLP) analysis of tpr gene subfamily II (tprE, -G, and -J) (CDC subtype) (14) . In 2010, Marra et al. developed an enhanced strain typing method, adding the tp0548 gene sequence types to the existing CDC genotype system (9) .
A previous small study showed that 14f was the predominant subtype in Shanghai (10). The result was quite different from the limited data on genotype distribution in other areas of China (13, 20, 21, 22) , where 14d is the predominant type. This study aimed to identify strain types of T. pallidum in a larger number of samples collected over a 5-year period in Shanghai. Associations between strain types and neurosyphilis were also explored.
MATERIALS AND METHODS
Study population. Between August 2007 and December 2011, eligible patients attending the Shanghai Skin Disease Hospital Sexually Transmitted Disease (STD) Clinic were asked to participate in this study. An initial diagnostic evaluation was performed, which included dark-field microscopy or Treponema pallidum particle agglutination (TPPA) and the rapid plasma reagin (RPR) tests. Patients who had moist lesions (chancres, condyloma lata, or mucous patches) that were confirmed as early syphilis were eligible for enrollment.
Information collected included the patient's demographic data, clinical characteristics, and laboratory findings. Syphilis was staged according to clinical characteristics, dark-field microscopy, and serotesting. The diagnosis of neurosyphilis was confirmed if the patient had positive serum RPR and TPPA test results and (in the absence of substantial contamination of cerebrospinal fluid [CSF] with blood) positive CSF TPPA and reactive CSF venereal disease research laboratory (VDRL) test results. In addition, neurosyphilis can be highly suspected if the patient has a nonreactive CSF VDRL test result but has positive serum RPR, serum TPPA, and CSF TPPA test results along with either or both of the following: (i) elevated CSF proteins or elevated CSF white blood cell (WBC) count in the absence of other known causes of the abnormalities or (ii) clinical neurological or psychiatric manifestations without other known causes of these clinical abnormalities (19) . HIV testing was also performed for patients who agreed. This study was approved by the Ethics Committee of the Shanghai Skin Disease Hospital. Informed consent was obtained from all participants.
DNA extraction and molecular typing of T. pallidum. Specimens were obtained by rubbing the base of the lesion with a sterile swab. DNA was extracted using a QIAamp DNA minikit (Qiagen) according to the manufacturer's instructions in a biosafety cabinet in a separated room to minimize potential contamination with exogenous T. pallidum DNA. To detect the presence of T. pallidum, we used a diagnostic PCR assay that amplifies tpp47.
Strain typing was performed based on a previously described method (14) . In brief, PCR of the arp gene was performed using 0.4 M concentrations of the primers ARP-1 and ARP-2. The tpr genes (tprE, -G, and -J) were amplified by using 0.6 M concentrations of primers IP-6 and IP-7 (Table 1) . Thermocycling parameters were one cycle of 94°C for 4 min, 40 cycles of 94°C for 1 min, 60°C for 1 min, and 72°C for 1 min, and a final extension step of 72°C for 7 min. The arp amplicons were electrophoresed on a 2% agarose gel together with a 100-bp DNA ladder (Invitrogen) at 70 V for 6 h. The number of 60-bp tandem repeats (from 3 to 22) was established by comparing the size of the amplified product with that of the product amplified from the Nichols strain, which contains 14 repeats. The results were analyzed by Image Lab software. The tpr amplicons (including tprE, -G, and -J) were digested with fast restriction endonuclease, MseI (Invitrogen). The digested product was electrophoresed on a 2% agarose gel to determine the digestion pattern (a through p). In cases where tests for the tpr gene were negative, a nested PCR was used as described in the article by Pillay et al. (14) . By combining arp and tpr, T. pallidum can be typed according to CDC subtypes. For example, the reference Nichols strain could be typed as 14a. PCR of the tp0548 gene was amplified by using 0.6 M concentrations of sense and antisense primers ( Table 1) . The amplification conditions were one cycle of 95°C for 2 min, followed by 40 cycles of 95°C for 1 min, 62°C for 1 min 15 s, and 72°C for 1 min. The final extension was one cycle of 72°C for 10 min. The sequence type of tp0548 was compared to the reference sequences and identified by letter (a through i). We express the strain type in the form "CDC subtype/tp0548 sequence type," as in the article by Marra et al. (9) . For example, the reference Nichols strain could be further typed as 14a/f. Using this method, we subsequently determined strain types of all the samples.
Statistical analysis. Data were recorded using Microsoft Excel (edition 2003; Microsoft Corporation, Redmond, WA), and statistical analysis was performed using Statistical Package for the Social Sciences (SPSS15.01; SPSS Inc., Chicago, IL).
RESULTS
In total, 372 patients were enrolled during the 5-year study period. By tpp47 gene screening, 316 (86%) of the 372 specimens were positive, indicating the presence of T. pallidum DNA; among them, 304 had fully typeable T. pallidum DNA. Twelve of the 372 specimens were positive but could not be fully typed; among these 12, two were found to be negative for both tpr and arp gene PCR analysis, while eight were typeable by the tpr gene only.
The median age of these typeable patients was 39. (Fig. 1A) . Three tpr RFLP patterns (a, d and o) were found, the majority of which belonged to the type d (98.0%, 297/304) (Fig. 1B) . By combining the arp and (Fig. 3) . Of the 304 patients who had typeable samples, 52 patients agreed to undergo lumbar puncture, and six subtypes were found: 14d/f (44 samples); 4d/f, 15d/f, and 19d/c (two of each); and 11o/c and 14a/f (one of each). Among these 52 patients, four were diagnosed with neurosyphilis, of which two had a 14d/f strain and two had a 19d/c strain. All four neurosyphilis patients were HIV negative. No neurosyphilis was found in patients with the other four subtypes. The association between 14d/f and neurosyphilis is not statistically significant (P Ͼ 0.05).
DISCUSSION
China has experienced a resurgence in syphilis in the last 20 years (2). Epidemiological studies of many infectious diseases, including STDs such as HIV infection, human papilloma virus infection, gonorrhea, and chlamydia, have been enhanced by molecular typing of their respective causative agents (6, 8, 18) . Molecular biology methods are becoming increasingly accessible to many diagnostic laboratories and have the potential to enhance existing STD surveillance and control efforts in China.
To our knowledge, this is the largest T. pallidum typing study done to date, with more than 300 positive samples over the 5-year study period. Fourteen types were identified from these samples using enhanced nomenclature derived by combining the number of the arp gene tandem repeats, the tpr gene RFLP types and the tp0548 gene sequence type. A previous small study indicated the CDC subtype 14f is the predominant genotype in Shanghai (10). However, in several small studies from Guangdong and Hunan provinces in China, as well as a recent large national study, CDC subtype 14d is the most common subtype (13, 15, (20) (21) (22) . In our study, 5-year data also showed that 14d is the predominant subtype, and we did not identify subtype 14f from a single sample. This is in keeping with a recent large study across different geographic areas in China which did not identify 14f in any samples. Furthermore, Shanghai is the biggest city and economic center of eastern China. Because of its transportation network, Shanghai has close relationships with other areas of the country. In Shanghai, the migrating population constitutes over one-third of the total population, and therefore, it seems reasonable that subtype 14d is predominant both in Shanghai and adjacent areas. We used positive and negative controls in the study. Additionally, the test were repeated and results confirmed at the Institute Pasteur of Shanghai. Thus, we believe 14d is the predominant subtype in Shanghai. Outside China, CDC subtype 14d is also the most common molecular type in Scotland, Canada, South Africa,s and Colombia, while 14f was found to be predominant in studies performed in Arizona, North Carolina, and South Carolina in the United States (1, 4, 5, 7, 11, 16, 17) .
A total of 10 arp types (4, 6, 8, 9, 11, 12, 13, 14, 15, and 19) , three tpr RFLP patterns (a, d, and o), and five tp0548 sequence types (a, c, f, g, and i) were identified in this study. Of note, arp types 4, 11, and 19, tpr type o, and tp0548 sequence types a, g, and i had never been previously reported in China. It seems that the diversity of T. pallidum subtypes might be higher with greater syphilis prevalence, as is seen in South Africa, where there appears to be a high level of strain diversity (15) . It is interesting that the proportion of the predominant type 14d is much higher in Shanghai (88.8%) than in other areas, where the proportion of the predominant type varied from 30% to 76%. Even with enhanced typing method, most of the tp0548 types were f (295/304, 97.0%) and all the subtype 14d samples had the tp0548 type f. Over the 5-year period, different strain types have appeared and disappeared, with 14d/f being the predominant circulating type (Fig. 3) . The much smaller numbers of the non-14d/f subtypes may indicate smaller and more localized transmission networks in a relatively small geographic area, or the relatively short period of the syphilis resurgence in Shanghai. Another explanation is that type 14d/f might be more virulent than other types or might generate a weaker host immune response, resulting in a longer duration of infection. There could also be differences in sensitivity of the strains to antibiotics (23, 24) .
Although current syphilis treatment guidelines do not recommend a lumbar puncture in asymptomatic, HIV-negative patients with early syphilis, it is useful to obtain CSF to examine associations between disease progression and strain types. The recent study by Marra et al. indicated that strain type 14d/f might be associated with a higher risk of neurosyphilis (9) . Some T. pallidum types may be more neuroinvasive or better able to escape host immune responses in the central nervous system (CNS) than others. However, the association between 14d/f and neurosyphilis is not significant in Shanghai. In our study, 14d/f accounted for nearly 90% of the cases in Shanghai. Two of the 44 (4.3%) patients infected with strain type 14d/f were initially diagnosed as having secondary syphilis and confirmed as having neurosyphilis after CSF examination. Another study from Africa showed that 14a was predominant in neurosyphilis patients while 14d was most prevalent in epidemiologic studies (12) , which indicated that type 14a might be associated with a higher risk of neurosyphilis. Again, all four of the 14a strains in our study (three 14a/f strains and one 14a/i strain) were not isolated from neurosyphilis cases. Type 19d/c was not reported in the study by Marra et al. (9) . In our study, a total of four patients were infected with type 19d/c. Two of these, initially diagnosed as having secondary syphilis, were confirmed as having neurosyphilis after CSF examination. Both of them were HIV negative and without other immunosuppressive disease.
Because of the current syphilis treatment guidelines and the difficulty of isolating T. pallidum in neurosyphilis patients, very limited information about the strain types was obtained. Thus, it might be too early to draw a conclusion about the higher-risk strain types associated with neurosyphilis. Further studies on a larger sample of patients with neurosyphilis may help to demonstrate the preferential strain type of neurosyphilis.
